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The present invention relates to a magnetic
disk controller incorporating a cache system adopt-
ing an LRU (Least Recently Used) system in a
replacement algorithm for cache blocks.

Disk cache systems capable of high-speed
data access to magnetic disks have been devel-
oped. A disk cache is a memory device using a
semiconductor RAM and is designed to eliminate
an access gap between a high-speed main mem-
ory and low-speed large-capacity secondary
memories (i.e., magnetic disk units). The disk
cache is normally arranged between the main
memory and a magnetic disk unit, in a magnetic
disk controller, and serves as a data buffer.

The principle of the disk cache is the same as
that of a central processing unit (CPU) cache. If a
CPU first accesses part of a file, necessary data
blocks are stored on a disk. In this case, the disk
cache does not contribute to such CPU access.

Necessary blocks are transferred from the disk
to the main memory. At the same time, they are
written in the disk cache. If the CPU subsequently
accesses the same blocks, they are transferred
from the disk cache, but not from the disk. The
access time of the magnetic disk unit is normally
20 to 30 ms, while the access time of the disk
cache is about 1 to 3 ms. The access time can,
therefore, be decreased to about 1/10. When a total
access time is regarded as an input/output re-
sponse time including data transfer time and chan-
nel wait time, it can be normally decreased to 1/2
to 1/3.

Since a disk cache capacity is smaller (about
1/1000) than that of the disk, all file blocks required
by the CPU are not always stored in the disk
cache. In order to load new blocks when the disk
cache is filled with file blocks, old blocks must be
removed from it. When accessing of the cache
allows retrieval of necessary data from the cache, it
is called a "hit", and when retrieval of necessary
data cannot be performed, it is called a "miss".
The average hit times per times of the difference of
the cache is called a hit ratio.

In addition to the disk cache, disk cache
mechanism components are a disk cache handler
as a program in the input/output coniroller, a data
transfer mechanism between the main memory and
the disk cache, and a disk cache directory. The
disk cache handler cooperates with an operating
system (OS) to determine the hit/miss ratio of the
disk cache, control of data transfer between the
main memory, the disk cache, and the magnetic
disks, and acquisition of data representing utiliza-
tion efficiency of the disk cache and the hit ratio,
and so on.

Write access schemes include a write through
scheme and a writs back scheme. The write
through scheme is called a store through scheme
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for writing data directory in a disk. The cache hit
processing is performed in such a way that the
cache hit block is disabled by not writing data
therein, or the data is written in the cache hit block
after it is directly writien into the disk.

The write back scheme is called a store in,
copy back, or post store scheme. According to this
scheme, the disk cache write is the highest priority.
When data write into a file in the disk cache is
completed, data input/output is completed. If the
file is unnecessary or the cache block storing the
file must be emptied for other files, data is trans-
ferred from the cache tfo the disk.

In the disk cache, data copying from the mag-
netic disk to the cache memory is called staging,
and copying from the cache memory to the mag-
netic disk is called destaging.

A typical disk cache memory mapping scheme
is a set associative scheme. According to this
scheme, the magnetic disk and the disk cache
memory are divided into a plurality of blocks (e.g.,
one block = one track = 64 sectors). Each block
belongs to any one of columns. In order to transfer
a given block from the magnetic disk to the cache
memory, this block is written in an identical column
of the cache memory and data (representing which
block, i.e., a block number, in the magnetic disk is
stored in the cache memory) is stored in the direc-
tory in units of columns. By referring this directory,
it is possible to determine whether specific data is
stored in the cache memory or not. If the data is
stored in the cache memory, it can be read out, not
from the magnetic disk unit but from the cache
memory.

The disk cache replacement algorithm is an
LRU algorithm. LRU stands for "Least Recenily
Used." According to the LRU algorithm, the block
which stays in the cache for the longest period
after the last access is selected as the least neces-
sary block. In a disk cache having no empty spacs,
if the cache memory must be assigned for new
staging, the least necessary track data is removed
to obtain an empty space. The LRU algorithm is
used to assure this empty space.

If a cache hit occurs as a result of the directory
search, the LRU value in the cache directory cor-
responding to the hit cache block is initialized to
"0". In the case of cache miss, the LRU value
corresponding to the cache block to be repiaced
must be registered again. In this case, if the cache
miss occurs in the read request mode, the cor-
responding data block is read out from the mag-
netic disk unit and is stored in the cache block in
the cache memory which is to be replaced.

In a conventional cache system, LRU setting
values are determined regardless of the data
blocks stored in the cache memory.

The frequency of use of the data blocks stored
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in the cache blocks varies according to different
types of files. Once a data block having a low
frequency of use is stored in the cache block, the
resident possibility of that data block in the cache
memory is often higher than that of a file having a
high frequency of use. Because of this, a decrease
in hit rate of the cache memory tends to occur.

In the conventional disk cache system of this
type, disk write operation is always performed in
response to a disk write instruction from a host
system. According to the conventional system,
even if the data in the disk area subjected to disk
write is stored in the cache memory (even if cache
hit occurs), the contents of the cache memory and
the disk unit are simultanecusly updated. This is
not to allow non-updated data to be left in the disk
when a failure, such as a power failure, occurs.

According to the system described above,
however, high performance of the disk cache struc-
ture can be achieved only when a read frequency
is high. If the write frequency is high, a great deal
of improvement in performance cannot be expect-
ed.

When a power unit free from the effects of
power failure is used, disk write need not be per-
formed at the time of cache hit in the write request
mode. However, a power unit of this type is very
expensive.

Assume that a read access request for a given
file is sent from the CPU. The magnetic disk con-
troller retrieves a disk cache directory (a table
having file information such as a file name, a file
size, and a file address) and checks if the data
block of interest is stored in the disk cache. | fache
hit occurs, the corresponding data block is trans-
ferred from the cache memory to the main mem-
ory.

In the case of cache miss, however, several
blocks (usually those for one track) including the
required block are sent to the cache memory, and
only the required block is sent to the main mem-
ory. Data transfer to the cache memory is per-
formed simultaneously with that to the main mem-
ory. However, the blocks can be transferred to the
cache memory and the block of interest can be
transferred to the main memory thereafter.

A large demand has arisen for a magnetic disk
controller for satisfying the above-mentioned two
transfer schemes and for performing effective data
transfer control if cache miss occurs.

if a cache memory is commonly used by, e.g.,
4 magnetic disk drives DKO through DKS3, different
cache memory areas are permanently assigned for
respective drives DKO through DK3, and a directory
memory having a corresponding memory allocation
is prepared, as shown in Fig. 1.

According to the system described above,
however, the limited area of the cache memory is
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divided, and the cache locations respectively as-
signed to the magnetic disk drives are decreased,
leading to a reduction in the cache hit rate. If the
access frequency varies for the different drives, the
frequency of use of the cache memory Iocation
corresponding o the drive having the lowest ac-
cess frequency is decreased. As a result, the over-
all utilization efficiency of the cache memory is
degraded.

It is object of the present invention to provide a
magnetic disk controller for effectively performing
data transfer control upon occurrence of read er-
rors and for achieving high-speed transfer.

It is still another object of the present invention
to provide a magnetic disk controller capable of
effectively using a cache memory in common for a
plurality of magnetic disk drives, regardless of their
number.

In order to achieve the above objects of the
present invention, there is provided a magnetic
disk controller as stated in claim 1 or 2.

The magnetic disk controller of the present
invention uses a cache system wherein setting
values for LRU initialization or re-registration are
variables and the resident possibility of data blocks
in the cache memory can be controlled, and
wherein the frequency of date written in the disk
can be decreased without using an expensive pow-
er source unit to improve system performance.

This invention can be more fully understood
from the following detailed description when taken
in conjunction with the accompanying drawings, in
which:

Other objects and features of the present in-
vention will be apparent from the following descrip-
tion taken in connection with the accompanying
drawings, in which:

Fig. 1 is a schematic view showing the cor-
respondence between a cache memory and a
directory memory in a conventional system;

Fig. 2 is a block diagram showing an embodi-
ment of a magnetic disk controller incorporating
a disk cache memory according to the present
invention;

Fig. 3 is a format showing an eniry structure of
a directory memory in Fig. 2;

Fig. 4 is a format of a read/write command used
in the system of Fig. 2;

Fig. 5 is a format of an LRU setting value;

Fig. 6 is a format of directory data stored in
directory memory 351 according to another em-
bodiment of a disk cache system;

Fig. 7 is a format showing the main part of a
disk write instruction employed in the format of
Fig. 6;

Fig. 8 is a format showing the main part of a
disk read instruction used in the format of Fig. 6;
Figs. 9 through 12 are flow charts for explaining
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the operation of the format in Fig. 6, in which
Fig. 9 is a flow chart for explaining control of
magnetic disk controller 20 when the disk write
instruction is supplied thereto from a host sys-
tem, Fig. 10 is a flow chart of the search subrou-
tine, Fig. 11 is a flow chart for explaining control
of magnetic disk controller 20 when the disk
read instruction is supplied thersto from the host
system, and Fig. 12 is a flow chart for explaining
the operation of magnetic disk controller 20 dur-
ing a power failure;

Figs. 13A through 13E are views for explaining
the operation contents of data transfer direction
control code C used in the magnetic disk con-
troller according to the present invention;

Fig. 14 is a chart for explaining cache operation
designation data produced upon occurrence of a
read error;

Fig. 15 is a timing chart for explaining the disk
read operation in Fig. 14;

Fig. 16 is a chart for explaining another cache
operation designation data;

Fig. 17 is a block diagram showing another
embodiment of a magnetic disk controlier ac-
cording to the present invention;

Fig. 18 is a format of directory data used in the
embodiment of Fig. 17;

Fig. 19 is a format of a read/write command
used in the embodiment of Fig. 17;

Fig. 20 is a data format of a directory memory
used in the embodiment of Fig. 17; and

Fig. 21 is a schematic view showing the cor-
‘respondence between cache memory 33 and
directory memory 351 in the embodiment of Fig.
17.

Fig. 2 is a block diagram showing an embodi-
ment of magnetic disk controller 20 incorporating a
disk cache system. Hard disk control circuit (to be
referred to as an HDC hereinafter) 21 for controlling
disk unit 10 is connected to host system 11
through first bus 24, which consists of data line 22
and control line 23, and driver/receiver (io be re-
ferred to as a D/R hereinafter) 25. HDC 21 is also
connected to second bus 26. HDC 21 consisis of
command register 211, ID register 212, and DMA
213. Bus 26 is also connected to microprocessor
27 for controlling the overall operation of controller
20, program memory 28 storing control programs
(microprograms) for microprocessor 27, work mem-
ory 29 used as a work area of microprocessor 27,
and buffer memory 30 for compensating a dif-
ference between the transfer rates of disk unit 10
and host system 11. Third bus 31 is connected to
cache control circuit 34, mainly for controlling data
transfer, the operation of which includes control of
cache memory 33, directory memory/search circuit
35 consisting of directory memory 351 and direc-
tory search circuit 352, and address stack memory
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45. Memory 45 is a FIFO (first-in first-out) stack for
storing cache operation designation data consisting
of three parameters. These three parameters are
transfer start cache address a, the number of trans-
fer sectors 1, and data transfer direction control
code C. The output of stack address counter 46 is
connected to address port A of address stack
memory 45. Bus 26 is connected to the input of
counter 46.

Bus 31 is connected to the input to LRU coun-
ter (referred to as an CLRU hereinafter) 36 for
storing an LRU value read out from memory 351 in
the directory search mode, as well as the output of
driver 37. The output of CLRU 36 and the input of
driver 37 are connected to cache control circuit 34.
Bus 31 is also connected to the input port of
register file 38 and the B input of comparator 39.
The A input of comparator 39 receives the data
from bus 31. The output port of comparator 39 is
connected to control circuit 34. Control circuit 34 is
connected to register file 38 to control inputs there-
fo, i.e., the CLRU 36 contents (LRU values) output
by driver 37 on bus 31. File 38 comprises four
registers 50 through 53, ie., RTCAO through
RTCAS.

The output of directory memory address coun-
fer (to be referred to as a CDMA hereinafter) 40 is
connected to address port A of directory memory
351 to designate the addresses of memory 351.
The input of CDMA 40 is connected to second bus
26. The output of CDMA 40 is connected to the
input of register file 41. The output of file 41 is also
connected to bus 26. File 41 is connected through
control line 65 so as to receive control signals from
cache control circuit 34. Register file 41 consists of
three registers 60 through 62, i.e., RCGAQ through
RCGA2.

Each entry of directory memory 35; includes
disk block number field (8 bits) 81 representing the
number of data blocks registered in cache memory
33, and LRU counter field (8 bits) 83 representing
an LRU value, as shown in Fig. 3. The number of
entries in memory 35; is equal to that of cache
blocks in cache memory 33. In this embodiment,
16 entries are given for each column. One track of
disk unit 10 consists of 64 sectors, each cor-
responding to one block of cache memory 33. The
area of disk unit 10 is divided into column 0 and
column 1 which store data in units of 64 sectors. A
column value is represented by the seventh bit
from the LSB of a disk logical address (o be
described later). The disk block number is repre-
sented by the MSB excluding the lower seven bits
of the disk logical address.

The magnetic disk controller of this embodi-
ment has the following features:

(i) One sector of the magnetic disk consists of
256 bytes.
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{ii) One block (cache block) of cache memory
33 consists of 16K bytes (64 sectors) and there-
fore one block (disk block) of the disk consists
of 16K bytes (64 sectors).

(iii) A mapping scheme of cache memory 33 is
a set associative scheme.

(iv) A cache block replacement scheme is an
LRU scheme.

(v) The number of levels (i.e., the number of
entries) of directory memory 351 is 16 per col-
umn.

{vi) The capacity of cache memory 33 is 512
Kbytes.

The operation of the embodiment shown in Fig.
2 will be described below.

A read/write command from host system 11 is
stored in command register 21+ in HDC 21 through
D/R 25 and bus 24. The read/write command is a
6-byte instruction including command code 85 for
designating read/write operation or the like, a disk
logical address consisting of logical address 2
(MSB) 87, logical address 1 89, and logical ad-
dress 0 (LSB) 91, the number of data blocks, and
each field 93 of cache control bits CC2 through
CCO (Fig. 4).

The read/write command in register 214 is read
out by microprocessor 27 and stored in a predeter-
mined area of work memory 29. When micropro-
cessor 27 stores the read/write command from host
system 11 in memory 29, microprocessor 27 is-
sues a seek command which is then set in com-
mand register 211 in HDC 21. HDC 21 controls
disk unit 10 to seek a specified track. Microproces-
sor 27 also sets, in accordance with the read/write
command, a disk block number corresponding to
the access area of disk unit 10, and an LRU value
of "0" in register file 38 through bus 26, D/R 32,
and bus 31. Microprocessor 27 sets bit 6 of logical
address O (Fig. 4), i.e., the start address of the
currently read-accessed enfry in each area (for 16
entries) in directory memory 351, in CDMA 40. In
this case, each area is accessed by the column
value. The following directory search cycle is re-
peated 16 times.

In the directory search cycle, the address
specified by CDMA 40 is set in RCGAO 60 in
register file 41. Therefore, the start position of the
entry currently searched is always -stored in
RCGAQ 60 in register file 41.

CDMA 40 is sequentially counted up. Directory
data of the entry in directory memory 351 is read
out onto bus 31 in units of bytes in response to the
count from the CDMA 40. The readout directory
data is supplied to the B input of comparator 39.
Byte data from register file 38 is supplied to the A
input of comparator 39 in response to the data
supplied to the B input. Comparator 39 compares
the contents of the A and B inputs.
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The comparison result of comparator 39, ie.,
the result of comparison of the target data block
number from file 38 with the registered data biock
number from memory 35¢ in units of bytes, is
supplied to cache control circuit 34. The result of
comparison between the LRU value from file 38
and that from memory 351 is also supplied to
cache control circuit 34. The LRU value supplied
from memory 351 to the B input of comparator 39
through bus 31 is supplied to CLRU 36. The LRU
value stored in CLRU 36 is incremented by one.

Cache control circuit 34 determines if cache hit
occurs according to the data block number com-
parison result from comparator 39. If circuit 34
determines that coincidence is detected by com-
parator 39 and cache hit occurs, it appends a
cache hit flag to the address set in RCGAO 60 in
register file 41, i.e., to the address representing the
start position of the entry being searched in the
current directory search cycle. The address with a
cache hit flag is set in RCGA1 61 in register file 41.
Cache conirol circuit 34 determines the entry of
directory memory 35: which corresponds to the
cache block to be replaced at this time, according
to the LRU value comparison result. More specifi-
cally, if the LRU value from memory 35+ exceeds
that stored in file 38, cache control circuit 34 deter-
mines that the cache block corresponding to the
entry is a candidacy of block to be replaced. Con-
trol circuit 34 transfers the address from RCGAO 60
in file 41 to RCGA2 62 thersin. Control circuit 34
causes driver 37 to send the incremented LRU
value from CLRU 36 onto bus 31. The LRU value in
register file 38 is then updated to correspond with
that appearing on bus 31. Cache conirol circuit 34
also writes the LRU value stored in CLRU 36 via
bus 31 in the corresponding eniry in directory
memory 351, regardless of the comparison result
of comparator 39. In this embodiment, the LRU
value in the corresponding entry in memory 354 is
incremented by one for each directory search cy-
cle.

The above operation is the directory search
cycle. This cycle is repeated 16 times to complete
the directory search corresponding to the given
read/write command. In this case, if cache hit is
detected, the start address of the entry in memory
351 which corresponds to the hit cache block is set
in RCGA1 61 in register file 41. The start address
of the entry in memory 35: which has the largest
LRU value in the specified column is stored in
RCGA2 62.

When the directory search is completed,
microprocessor 27 feiches the content of RCGA1
61 in file 41 through bus 26, and checks the flag
mentioned above in RCGA1 61 whether cache hit
or miss occurs. If microprocessor 27 detects cache
hit, the LRU value in the eniry in memory 354
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which is specified by the content (directory ad-
dress) of RCGA1 61 in file 41 is initialized (or re-
registered). However, if the read mode is specified,
even if cache miss is detected, the LRU value in
the entry in memory 351 which is specified by the
content of RCGA2 62 in file 41 is initialized (or re-
registered).

In initialization (or re-registration) of the LRU
value, microprocessor 27 retrieves the read/write
command sent from host system 11 and retained
in buffer memory 30. Microprocessor 27 checks if
cache control bit CC2 among bits CC2 through
CCO is "0". If CC2 = "0", then CC1 and CC2 are
defined as LRU setting data. In this case, CC1 and
CC2 are shifted to the left by 6 bits to prepare an
LRU setting value "CC1 (MSB), CC0, 0, 0, 0, 0, 0,
0 (LSB)", as shown in Fig. 5. The same LRU
setting value is supplied to directory memory 35,
through bus 26, D/R 32, and bus 31, and is regis-
tered in LRU counter field 83 of the entry in mem-
ory 35i. In LRU value comparison and setting
performed by CLRU 36 in the next directory
search, the updated LRU setting value is used. If
CC1 and CCQ are set to be "1", the resident period
of the data block in cache memory 33 can be
decreased. However, if CC1 and CCO are set o be
"0", the period can be increased.

Figs. 6 through 12 show another disk cache
system wherein the number of write cycles for the
disk can be decreased without using an expensive
power source, thereby improving system perfor-
mance.

Fig. 6 shows a format of directory data stored
in directory memory 35;.

Directory data set in each eniry in directory
memory 351 consists of a cache active bit repre-
senting whether the content of a block (cache
block) in cache memory 33 for a corresponding
entry is effective or not, a write command receiving
bit representing whether the write data specified by
host system 11 is completely written in disk unit 10
or not, a resident bit representing whether replace-
ment of the cache block corresponding to this
entry is inhibited, a disk address (disk block ad-
dress) of a data block (disk block) stored in cache
memory 33, and a replacement counter
(replacement counter value) used for replacement
operation.

Fig. 7 shows a format of a disk write instruction
sent from host system 11 to disk controller 20. The
write instruction includes a specified write instruc-
tion designation bit for determining whether the
write instruction is the specified write instruction
which allows data write in cache memory 33 but
does not require data write in disk unit 10 when
cache hit is detected in the disk write request
mode.

Fig. 8 shows a format of a disk read instruction
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sent from host system 11 to disk controller 20. The
read instruction includes a resident designation bit
for designating setting/resetting of a resident bit of
an entry (called the replacement entry) in memory
35, which corresponds to the cache block
(subjected to replacement) in cache memory 33
when cache miss is detected in the disk read
request mode.

The operation of the system described above
will be described below. The operation is exempli-
fied by a case with reference to the flow chart of
Fig. 9 wherein a disk write instruction is sent from
host system 11 to disk controller 20.

When the disk write instruction is sent from
host system 11 to disk controller 20, controller 20
searches directory memory 35; (step 101). In the
search step, as shown in Fig. 10, microprocessor
27 checks whether data to be written in the block
of disk unit specified by a command exist in cache
memory 33 (step 103). In the case of a write
command (step 104), the number of eniries whose
write command receiving bits are set is counted
(step 105). The count from the replacement coun-
ter is stored in RTCAQ register 50 in register file 38
(step 106).

In step 107 of Fig. 9, if microprocessor 27
detects cache miss, controller 20 writes the write
data from host system 11 directly in disk unit 10
(step 109), and the flow is ended. However, if YES
in step 107, disk controller 20 checks if the speci-
fied write instruction designation bit in the disk
write instruction from host system 11 is set, i.e., if
the disk write instruction is the specified write in-
struction (step 111).

If NO in step 111, controller 20 writes the write
data from host system 11 in cache memory 33 and
the disk unit 10 (step 113). Controller 20 then
updates the replacement counter in the bit eniry in
directory memory 35; (step 115), and the flow is
ended.

However, if YES in step 111, controller 20
retrieves the contents of RTCAQ 50 to check if
there are N or more entries whose write command
receiving bits are set, i.e., if there are N or more
blocks which have been written in cache memory
33 but not yet in disk unit 10 (step 117).

If NO in step 117, controller 20 writes the write
data from host system 11 in cache memory 33, but
does not write it in unit 10 (step 119). Controller 20
sets the write command receiving bit in the hit
entry in directory memory 35 (step 121), and the
flow is ended.

However, if the number of blocks whose data
are not written in unit 10 is N or more, controller 20
3rites the write data from host system 11 in cache
memory 33 and disk unit 10 (step 123). Controller
20 writes certain of the blocks not written in disk
unit 10 in memory 33, i.e., those which correspond
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to the directory memory 35+ entries whose write
command receiving bits are set (step 125). In this
case, the number of blocks to be written in unit 10
is determined to be smaller than N (e.g., N - 2).
The operation in step 125 is performed such that
the number of blocks not written in disk unit 10 is
smaller than the maximum number N of blocks to
be written in disk unit 10 in a back-up operation
mode, i.e., at the time of power failure. Coniroller
20 then resets write command receiving bits of
directory memory 35 entries corresponding to the
cache blocks written in unit 10 (step 127), and the
flow is ended.

If the cache hit is detected in the case of the
disk write instruction whose specified write instruc-
tion designation bit is set, the corresponding write
data is registered in cache memory 33 but not in
disk unit 10, thereby decreasing the write cycles of
the disk unit 10. The number of blocks written in
cache memory 33 but not in unit 10 is controlled to
be smaller than N. At the time of power failure, the
blocks not written in unit 10 are then written therein
(to be described later).

An operation will be described with reference
to the flow chart in Fig. 11, wherein a disk read
instruction is sent from host system 11 to disk
controller 20.

When the disk read instruction is sent from
system 11 {o controller 20, controller 20 searches
directory memory 35¢ (step 128) to check if the
data in unit 10 specified by the instruction exists in
cache memory 33, i.e., if cache hit is detected
(step 131).

If YES in step 131, controller 20 reads out the
target data from the cache block in cache memory
33 so as to correspond to the hit entry in directory
memory 35:. The readout data is sent to host
system 11 (step 133). Controller 20 sets or resets
the resident bit of hit entry in memory 351 accord-
ing to the content of the resident designation bit of
the disk read instruction (step 135), and the flow is
ended. The replacement counter area in each hit
entry is updated in step 135.

However, if NO in step 131, controller 20
checks if all resident bits of the entries in directory
memory 351 are set (step 137).

If YES in step 137, controller 20 determines
that no cache blocks to be replaced exist and
transfers the read data from unit 10 to only host
system 11 (step 139). In this case, the read data is
not written in cache memory 33.

" However, if there is even one directory mem-
ory eniry whose resident bit is not set, controller 20
determines the entry to be replaced according to
the LRU algorithm (i.e., the content of the replace-
ment counter) (step 141). The cache block cor-
responding to this entry is detected as the cache
block to be replaced. Sdbsequently, disk controller
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20 checks if the write command receiving bit of the
entry to be replaced is set (step 143).

If YES in step 143, controller 20 writes the
cache block corresponding to this entry, i.e., the
data of cache block to be replaced, in disk unit 10
(step 145). Controller 20 then transfers read data
from unit 10 (specified by the disk read insiruction
from host system 11) to system 11 and performs
data write in the cache block data to be replaced
(step 147). Controller 20 sets a disk block address
and the initial value for the replacement counter in
the eniry (the entry to be replaced) in directory
memory 35: which specifies the cache block. At
the same time, controller 20 resets the write com-
mand receiving bit and sets or resets the resident
bit according to the content of the resident des-
ignation bit of the disk read instruction from host
system 11 (step 149).

The cache block corresponding fo the directory
memory 351 entry whose resident designation bit
is set in step 149 is excluded from the blocks
subjected fo replacement. This block data, i.e., the
data of the disk block specified by the disk read
instruction resides in cache memory 33 at least
until the resident bit is reset (i.e., until resident
cancel of the cache block data) in response to the
resident designation bit in the disk read instruction.
The disk block residence can be specified in re-
sponse to the resident designation bit of the disk
read instruction, or can be performed with software.
This operation is used for high-speed jobs, thereby
improving overall system performance.

An operation at the time of power failure will be
described with reference to the flow chart in Fig.
12,

Power failure is detected by a cutoff detector
(not shown). A power source is designed to be
operated for a predetermined period of time after
the cutoff detector detects a power failure. During
this back-up period, disk controller 20 performs the
foliowing operation. If the cutoff detector detects a
power failure, controller 20 interrupts the currently
executed processing (step 151). Controller 20 ac-
cesses directory memory 35: and sequentially
writes cache block data (cache block data not
written in disk unit 10) corresponding to the entry
whose write command receiving bit is set (step
153).

The number of cache blocks corresponding to
the entries whose write command receiving bits are
set is smaller than the maximum number N of
blocks to be written in unit 10 during the back-up
period after the power failure. Therefore, all block
data not written in unit 10 can be properly written
therein, in step 153. At the time of system initializa-
tion after the power failure, data can be read from
unit 10 without read errors. It is possible to provide
most of the non-written blocks as continuous resi-
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dent blocks in the disk area upon resident designa-
tion of the disk write instruction. This indicates that
high-speed write of non-written blocks in unit 10
can be performed and the N value can be in-
creased.

Still another embodiment for effectively per-
forming data {ransfer control in the case of read
errors will be described with reference to Fig. 2
and Figs. 13A through 15.

The disk access request from host system 11
is held in command register 2141 in HDC 21 through
D/R 25 and bus 24. This request is read out by
microprocessor 27 and stored in a predetermined
area of work memory 29. At the same fime, micro-
processor 27 supplies a seek command to HDC
21. HDC 21 controls disk unit 10 to seek a track
specified by the seek command. Microprocessor
27 supplies the disk block number corresponding
{o the disk unit area subjected to data access and
the directory memory address to directory search
circuit 352 through bus 26, D/R 32, and bus 31.
Microprocessor 27 initializes circuit 352. Search
circuit 35, performs directory search using the disk
block number as the target. The directory search
result is held in directory memory/search circuit 35.

Microprocessor 27 produces at least one cache
operation designation data according to the disk
block number held in directory memory/search cir-
cuit 35 and the contents of the disk access re-
quest. The produced data is stored in address
stack memory 45 through bus 26, D/R 32 and bus
31.

Data transfer direction control code C in the
cache operation designation data represents five
modes of operation. These five modes will be
described with reference to Figs. 13A through 13E.

)C =1

This is used for cache hit in the disk read
request mode. In this case, the contents of cache
memory 33 are fransferred to host system 11, and
disk unit 10 is not accessed, as shown in Fig. 13A.

(iCc =2

This is used for cache miss in the disk read ‘

request mode. As shown in Fig. 13B, disk unit 10 is
read-accessed, and the readout data is transferred
to host system 11 through buffer memory 30 and,
at the same time, is written in cache memory 33.

(iiy C = 3

This is used for cache miss in the disk read
request mode and a sector is not requested by the
host system but exists in the cache block
(undesired sectors may often be written since a
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write operation is performed in units of blocks). As
shown in Fig. 13C, the read data is written in cache
memory 33 but is not transferred to host system
11.

(iv)C = 4

This is used for cache hit in the disk write
request mode. As shown in Fig. 13D, the write data
from host system 11 is transferred to disk unit 10
through buffer memory 30 and, at the same time,
is written in cache memory 33.

(vyC =5

This is used for cache miss in the disk write
request mode. The data from host system 11 is
written in only disk unit 10 through buffer memory
30, but not in cache memory 33.

The production of cache operation designation
data will be described below. Assume that a disk
access request from host system 11 represents
disk read for 6 sectors starting from sector number
10, and that cache miss occurs during the disk
read. Also assume that one track of the disk con-
sists of 64 sectors (sector 0 through sector 63),
and that one block of cache memory 33 consists of
64 sectors.

When microprocessor 27 detects the cache
miss in read operation according to the directory
search result of directory memory/search circuit 35,
microprocessor 27 read-accesses the 1D field of
the disk. The readout data is latched in 1D register
21, in HDC 21 to read the sector number from the
ID field.

Microprocessor 27 subdivides the updating
cache block into subunifs by use of cache ad-
dresses each corresponding to the sector next to
that of the read sector number, the start sector of
the disk area subjected to transfer to the host
system, and the end sector. Cache operation des-
ignation data are prepared for the respective sub-
units. Assuming that the read sector number is 4,
the cache biock is subdivided into subunit A cor-
responding to the disk area of sector numbers O
through 4, subunit B of sector numbers 5 through
9, subunit C of sector numbers 10 through 15, and
subunit D of sector numbers 16 through 63. When
data is read from sector number 5, i.e., when data
transfer is performed in an order of B, C, D, and A,
effective data transfer without awaiting disk rotation
can be achieved.

The cache block shown in Fig. 14 shows one
block in cache memory 33. The cache block is
subdivided into subunits A, B, G, and D. Of course,
the cache block is not physically divided into sub-
units. Numetric values 0 to 63 represent the disk
sector numbers. Data of disk sector numbers 5 to
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9, for example, is written in subunit B starting with
address aB.

Microprocessor 27 first produces cache opera-
tion designation data for subunit B and pushes
down the data in address stack memory 45 through
bus 26, D/R 32, and bus 31. As shown in Fig. 14,
the cache operation designation data for subunit B
consists of fransfer start cache address aB for
subunit B, the number 1B of {ransfer sectors, and
the data transfer direction control code (C = 3).

Microprocessor 27 then produces cache opera-
tion designation data for subunit C and pushes it
down in address stack memory 45. The cache
operation designation data for subunit C consists of
transfer start cache address aC, the number LG of
transfer sectors, and the data transfer direction
control code (C = 2), as shown in Fig. 14.

Subsequently, microprocessor 27 produces
cache operation designation data for subunit D and
pushes it down in memory 45. The cache operation
designation data for subunit D consists of transfer
start cache address aD, the number D of transfer
sectors, and the data transfer direction conirol code
(C = 3), as shown in Fig. 14.

Finally, microprocessor 27 produces cache op-
eration designation data for subunit A and pushes it
down in memory 45. The cache operation designa-
tion data for subunit A consists of transfer start
cache address aA, the number LA of transfer sec-
tors, and the data transfer direction control code (C
= 3), as shown in Fig. 14.

When microprocessor 27 completes production
- of cache operation designation data and its storage
in address stack memory 45, microprocessor 27
sends a control signal to HDC 21 to designate disk
read of 59 sectors starting from sector number 5,
i.e., the disk read from the start sector of the disk
area corresponding to subunit B to the last sector
of the corresponding track. Microprocessor 27 sets
the start address for address stack memory 45 in
stack address counter 46, and starts cache conirol
circuit 34.

HDC 21 receives the disk read command from
microprocessor 27 and data of the specified area
from disk unit 10 and stores them in buffer mem-
ory 30 through bus 26. When disk read data of one
or more sectors is buffered in memory 30, DMA
213 in HDC 21 sends a data transfer request to
host system 11 through control line 23, and, at the
same time, a data transfer request to cache control
circuit 34. When DMA 213 receives the response
signals from host system 11 and cache control
circuit 34, it reads the data from buffer memory 30
and sends it onto data line 22. This read operation
is time-divisionally performed with storage in mem-
ory 30.

When cache control circuit 34 is initialized by
microprocessor 27, circuit 34 reads the specified
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data from the area {(corresponding to subunit B of
Fig. 14) of memory 45 which is accessed by stack
address counter 46. Cache control circuit 34 sends
address and write signals to cache memory 33,
and sequentially writes data output from DMA 213
on line 22 in the specified area of memory 33 in
synchronism with data transfer by DMA 215;. In this
case, cache control circuit 34 controls D/R 25 to
inhibit data transfer to host system 11 via line 22.

When cache control circuit 34 completes data
write for subunit B, it controls stack address coun-
ter (SAC) 46. In other words, when address aB is
updated by address 1B, SAC 46 is incremented by
one. The next cache operation designation data,
i.e., that for subunit C, is read from address stack
memory 45 and designated control is performed.
More specifically, the data sequentially sent from
DMA 213 onto line 22 are sequentially written in
subunit G of the cache memory 33. At the same
time, D/R 25 is controiled to transfer data from line
22 to system 11. When the data write of subunit C
is completed, cache control circuit 34 performs
control specified by the next cache operation des-
ignation data, i.e., the cache operation designation
data for subunit D. Control circuit 34 writes data
from line 22 in the designated subunit D of cache
memory 33 and, at the same time, controis D/R 25
to inhibit write operation of data from line 22 to
system 11.

After HDC 21 completes the write operation for
subunits B, C, and D, it detects an index pulse, as
shown in Fig. 15, and then interrupts microproces-
sor 27. Upon detection of the interrupt from HDC
21, microprocessor 27 desigates disk read for sub-
unit A (sector 0 through sector 4). HDC 21 receives
data of disk area corresponding to subunit A, and
stores it in buffer memory 30. The data buffered in
memory 30 is sent by DMA 21z in HDC 21 onio
line 22, and is written in subunit A of cache mem-
ory 33 under the control of cache control circuit 34.
In this case, data transfer to system 11 via line 22
is inhibited.

In the embodiment shown in Fig. 14, the disk
access request from host system 11 represents
cache miss in the disk read of 6 sectors, starting
from sector number 10, and the current read sector
number is 4.

In still another embodiment of the present in-
vention, shown in Fig. 16, a disk access request
from host system 11 represenis disk read of 6
sectors, starting from sector number 10, and the
current read sector number is 12. In this case, the
cache block is subdivided into subunit A corre-
sponding to a disk area of sector numbers 0
through 9, subunit B corresponding to sector num-
bers 10 through 12, subunit C corresponding fo
sector numbers 13 through 15, and subunit D cor-
responding to sector numbers 16 through 63. In
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this case, if data is read from sector number 13,
i.e., if data transfer is performed in an order of C,
D, A, and B, effective data transfer without awaiting
disk rotation can be achieved.

Microprocessor 27 first produces cache opera-
tion designation data for subunit C and pushes it
down in address stack memory 45. Cache opera-
tion designation data for subunit C consists of
transfer start cache address aC, the number LC of
fransfer sectors, and the data transfer direction
control code (C = 2).

Microprocessor 27 produces cache designation
data for subunit D and pushes it down in address
stack memory 45. This cache operation designation
data consists of transfer start cache address aD,
the number LD of transfer sectors, and the data
transfer direction control code (C = 3).

Microprocessor 27 then produces cache opera-
tion designation data for subunit A and pushes it
down in address stack memory 45. This cache
operation designation data consists of transfer start
cache address aA, the number LA of transfer sec-
tors, and the data transfer direction control code (C
= 3).

Finally, microprocessor 27 produces cache op-
eration designation data for subunit B and pushes it
down in address stack memory 45. This cache
operation designation data consists of transfer start
cache address aB, the number 1B of transfer sec-
tors, and the data transfer direction control code (C
= 2), as shown in Fig. 16.

Data can be read in an order of subunits C, D,
A, and B under the control of cache control circuit
34, as in the embodiment of Fig. 14.

According to this embodiment, since data
transfer control is performed according to the
cache operation designation data consisting of the
transfer start cache address, the number of transfer
sectors, and the data transfer direction control
code, data transfer can be effectively performed
upon occurrence of a read error caused by storage
of data not requested by the host system but
written in the cache memory. In the disk read
operation upon occurrence of the cache miss in
read operation, since data transfer is started with a
read enable sector, disk rotation need not be await-
ed and high-speed transfer can be performed.

An embodiment of a magnetic disk controller
for using a cache memory regardless of the num-
ber of magnetic disk units will be described below.
The same reference numerals in the embodiment
of Fig. 17 denote the same parts as in the embodi-
ment of Fig. 2, and a detailed description thereof
will be omitted. In the embodiment of Fig. 17,
magnetic disk units 10y through 104 are connected
to HDC 21.

Fig. 18 shows a directory data format. The
directory data is 4-byte data consisting of first to
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fourth bytes. The first byte consists of 3-bit drive
number LUN (Logical Unit No.) as a magnetic disk
drive identifier, and upper 5 bits (address U) of a
15-bit disk block address. The second byte con-
sists of 8 bits (address M) of the disk block ad-
dress which follow address U. The third byte con-
sists of the remaining lower two bits (address L) of
the disk block address, 4-bit all "0" data, one-bit
etror flag ERR, and one-bit valid display flag VB.
The fourth byte consists of an 8-bit LRU (Least
Recently Used) value. The directory data is pro-
duced on the basis of drive number LUN, the disk
logical address, etc., included in the read/write
command.

Fig. 19 shows a read/write command format.
This command is a 8-byte instruction including a
command code for designating the read/write op-
eration, drive number LUN, the disk logical ad-
dress, the number of data blocks, and cache con-
trol bits CC2 through CCO. Drive number LUN
consists of three bits to access one of disk units
101 through 10s. In this embodiment, the MSB of
drive number LUN is always logic "0". The disk
logical address represents a disk sector number
designated by drive number LUN, and consists of a
5-bit logical address 2, 8-bit logical address 1, and
8-bit logical address 0, a total of 21 bits. In this
embodiment, one block consists of 16 Kbytes. As
shown in Fig. 19, bits 6 through 20 of the disk
logical address represent a disk block address. In
this embodiment, the capacity of cache memory 33
is 512 Kbytes, and one cache block consists of 16
Kbytes. The number of columns is 2, namely:
column 0 and column 1. Each columns of cache
memory 33 includes 16 cache blocks. Therefore,
bit 6 of the disk logical address represents the
column number.

Fig. 20 shows a structure of directory memory
35¢. The capacity of memory 35; is 128 bytes and
consists of the column 0 area (64 bytes) starting
with address 000 (hexadecimal), and the column 1
area (64 Dbytes) starting with address 040
(hexadecimal). The areas of columns 0 and 1 are
subdivided info 16 areas (hersinafter, each called
as to "level") each. Each level consists of 4 bytes.
The directory data in Fig. 18 can be registered in
each level.

The operation of the embodiment shown in Fig.
17 will be described below.

The read/write command (Fig. 19) from host
system 11 is retained in command register 214 in
HDC 21 through D/R 25 and bus 24. This com-
mand is read out from register 21y under the
control of microprocessor 27, and is stored in a
predetermined area of work memory 29. In this
state, microprocessor 27 issues a seek command
which is then set in HDC 21. HDC 21 controls a
specified one of magnetic disk units 101 through
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104 so as to seek the designated track.

Microprocessor 27 checks bit 6 (i.e., the coi-
umn number) of the disk logical address, and
checks if the disk block address including the disk
logical address in the read/write command is regis-
tered in directory memory 35;. If bit 6 is set at
logic "0", the column O area of directory memory
351 serves as the area subjected to directory
search. Microprocessor 27 sets "000" (hex) as the
directory start address in CDMA 40.

However, if bit 6 is set at logic "1", the column
1 area of directory memory 35¢ serves as the area
subjected to directory search. In this case, micro-
processor 27 sets "040" {hex) in CDMA 40.

Microprocessor 27 sets drive number LUN and
bits 16 through 20 (logical address 2) of the disk
logical address in the read/write command in
RTCAO register 50 in register file 38. At the same
time, microprocessor 27 sets bits 8 through 15
(logical address 1) of the disk logical address in
RTCA1 register 51. Microprocessor 27 sets data
consisting of bits 6 and 7 of the disk logical ad-
dress, the 4-bit all "0" data, error flag ERR of logic
"0", and valid display flag VB of logic "1" in
RTCA2 register 52. Microprocessor 27 sets the
LRU value (minimum LRU value) of 0 in RTCA3
register 53. Microprocessor 27 produces iarget
data for directory search on the basis of drive
number LUN and the disk logical address in the
read/write command, and sets it in register file 38.

When the above-mentioned set-up is complet-
ed, microprocessor 27 causes cache control circuit
34 to perform directory search. The following direc-
tory search cycle is repeated 16 times.

In the directory search cycle, the directory
memory address specified by CDMA 40 is set in
RCGAOQ register 60 in file 41. The directory data of
a level represented by CDMA 40 is read out from
memory 351 from the first byte to the fourth byte
onto bus 31. The readout byte data is supplied to
the B input of comparator 39. In synchronism with
the read operation described above, the target data
is read out from file 38 from the first byte in units
of bytes. The readout target data is supplied to the
A input of comparator 39. Comparator 39 compares
the contents of the A and B inputs. The compari-
son result is supplied from comparator 39 to cache
control circuit 34. The LRU value in the directory
data supplied from directory memory 35 to the B
input of comparator 39 through bus 31 is then
loaded in CLRU 36 and incremented by one.

Cache control circuit 34 determines if cache hit
occurs according to the comparison results for the
first through third bytes in comparator 39. If cache
hit is detected, control circuit 34 adds a cache hit
flag to the directory memory address set in RCGAO
register 60 in file 41, i.e., in the address represeni-
ing the start position of the corresponding level of
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the current directory search cycle. The address
with the cache hit flag is then set in RCGA1 regis-
ter 61.

Cache control circuit 34 determines the level of
memory 35 which corresponds to the candidacy of
the cache block to be replaced at this time, accord-
ing to the LRU value comparison result of com-
parator 39. If the LRU value from directory memory
35 exceeds that from register file 38, control circuit
34 determines that the cache block corresponding
to the level is a cache block to be replaced. In this
case, control circuit 34 transfers the directory
memory address from RCGAO register 60 in file 41
to RCGA2 register 62. Control circuit 34 causes
driver 37 to send the unitary incremented LRU
value specified by CLRU 36 onto bus 31, and
updates the LRU value set in register 53 in file 38
to the LRU value on bus 31.

Cache control circuit 34 writes the LRU value
of CLRU 36 on bus 31 in the corresponding level of
directory memory 35, regardless of the comparison
result of comparator 39. In this embodiment, the
LRU value in the corresponding level in directory
memory 35 is incremented by one for every direc-
fory search cycle.

The above operation is the directory search
cycle. The cycle is repeated for the respective
directory data of levels 0 through F (hexadecimal)
in directory memory 35, thereby completing direc-
tory search corresponding to the read/write com-
mand. In this case, cache hit is detected and the
start address of the level corresponding to the
cache block is set in RCGAT1 register 61 in file 41.
The start address of the level having the largest
LRU value in the specified column is stored in
RCGAZ register 62 in file 41. This address repre-
sents the directory memory 35 level corresponding
to the cache block to be replaced if cache miss
occurs in the read mode.

When the direciory search is completed,
microprocessor 27 feiches the content of RCGA1
register 61 in file 41 through bus 26, and checks
the flag mentioned above if cache hit or miss
occurs. If cache miss occurs in the read mode,
microprocessor 27 writes the directory address of
RCGA2 register 62 in file 41 as the oldest cache
block at this time, i.e., the start address of the
directory memory 35 level corresponding to the
cache block to be replaced. This start address is
set in CDMA 40. Microprocessor 27 registers the
directory data in the level corresponding to direc-
tory memory 35 while the contents of CDMA 40
are sequentially counted. The directory data is sub-
stantially the same as the target data in register file
38, except that the LRU value is the initial value. In
this embodiment, the initial value of the LRU value
is specified by cache control bits CC2 through
CcCo.
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As is apparent from the above description,
since the directory data includes drive number LUN
representing the magnetic disk drive, the block of
the cache memory 33 io be replaced for a disk
block in the disk units of this embodiment can be
determined according to the magnitudes of the
LRU values of the directory data for each level in
the same manner as in the magnetic disk controller
for controlling the single magnetic disk unit. There-
fore, unlike the conventional system, the area of
directory memory 35 can be assigned to any one
of units 10+ through 10z, as shown in Fig. 21.
Thus, in this embodiment, cache memory 33 can
be effectively utilized according to the access ire-
quency of units 10+ through 10s.

In the embodiment of Fig. 17, cache memory
33 is commonly used by magnetic disk units 104
through 10.. However, for a magnetic disk unit
having a disk block such as an operating system
which is loaded once, the cache memory need not
be used. In this case, the cache memory is com-
monly used by other, remaining drive units. Thus,
cache memory 33, having a limited capacity, can
be effectively used, and the hit rate can be in-
creased. Whether the cache memory is used is
determined by a command at the time of system
initialization in units of magnetic disk drive units.

The above embodiments exemplify the disk
cache system for a magnetic disk. However, the
present invention can also be applied to disk cache
systems such as floppy disk drive units, optical
disk systems or RAM disk units.

Claims

1. A magnetic disk controlier incorporating a
cache system having a cache memory for stor-
ing a plurality of cache blocks and adopting an
LRU (Least Recently Used) scheme as a re-
placement algorithm for the cache blocks,
characterized in that there are provided:

determining means (35) for determining if
data requested on the basis of the disk access
request from a host system is stored in said
cache memory (33);

cache operation designation data storage
means (45) for storing cache operation des-
ignation data consisting of a cache memory
address, the number of transfer sectors, a data
transfer direction, and data representing neces-
sity or lack of necessity of data transfer to said
host system;

sector number reading means (27) for
reading a sector number stored in an ID field
of a sector earliest read, at a given moment,
when a read miss is determined by said deter-
mining means upon a read request from said
host system;
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cache operation designation data produc-
ing means (27) for producing the cache opera-
tion designation data on the basis of contents
of the disk access request from said host
system and a determination result from said
determining means, and for storing the cache
operation designation data in said cache op-
eration designation data storage means (45),
said cache operation designation data produc-
ing means (27) being adapted, in case of a
read miss; to produce the cache operation
designation data for each one of subunits ob-
tained such that the cache block to be re-
placed is divided by a cache memory address
corresponding fo a sector next to that read by
said sector number reading means (27), a
cache address corresponding to a start sector
of a disk area, data of which is to be frans-
ferred to said host system, and a cache mem-
ory address corresponding to a last sector
thereof; and to sequentially store the cache
operation designation data respectively corre-
sponding to the subunits of said cache block in
said cache operation designation data storage
means, the cache operation designation data
including, as a transfer start cache address,
the cache address corresponding to the sector
next to that the number of which is read by
said reading means (27) being adapted to
serve as starf cache operation designation
data; and

data transfer means (27, 21, 34) for read-
ing out the cache operation designation data
from said cache operation designation data
storage means (45) in an order starting from
the start cache operation designation data, and
for performing data transfer operation on the
basis of the readout data.

A magnetic disk controller incorporating a
cache system having a cache memory for stor-
ing a plurality of cache blocks and adopting an
LRU (Least Recently Used) scheme as a re-
placement algorithm for the cache blocks,
wherein said cache system comprises:

a directory memory (351) having fields
storing, in respective entries corresponding to
respective cache blocks of said cache mem-
ory, designation information for blocks regis-
tered in said cache memory and LRU counter
fields indicating resident status in said cache
memory of these blocks;

command issuing means (28) for issuing a
read/write command to which an arbitrary LRU
setting value and designation information for a
read/write target block are appended;

directory search means (352) for searching
whether the read/write target block is regis-
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tered in said cache memory by comparing the
registered block designation information of re-
spective entries with the read/write designation
information; and

registering means (27) for registering the
arbitrary LRU setting value (93) appended to
the read/write command in a hit entry of said
directory memory when hit occurs, and in the
LRU counter field of an eniry corresponding to
the cache block in which the read/write target
block is registered when a miss hit occurs,

characterized in that sald magnetic disk
controller further comprises:

determining means (35) for determining if
data requested on the basis of the disk access
request from a host system is stored in said
cache memory (33);

cache operation designation data storage
means (45) for storing cache operation des-
ignation data consisting of a cache memory
address, the number of transfer sectors, a data
transfer direction, and data representing neces-
sity or lack of necessity of data transfer to said
host system;

sector number reading means (27) for
reading a sector number stored in an ID field
of a sector earliest read, at a given moment,
when a read miss is determined by said deter-
mining means upon a read request from said
host system;

cache operation designation data produc-
ing means (27) for producing the cache opera-
tion designation data on the basis of contents
of the disk access request from said host
system and a determination result from said
determining means, and for storing the cache
operation designation data in said cache op-
eration designation data storage means (45),
said cache operation designation data produc-
ing means (27) being adapted, in case of a
read miss; to produce the cache operation
designation data for each one of subunits ob-
tained such that the cache block to be re-
placed is divided by a cache memory address
corresponding to a sector next to that read by
said sector number reading means (27), a
cache address corresponding to a start sector
of a disk area, data of which is o be trans-
ferred to said host system, and a cache mem-
ory address corresponding to a last sector
thereof;, and to sequentially store the cache
operation designation data respectively corre-
sponding to the subunits of said cache block in
said cache operation designation data storage
means, the cache operation designation data
including, as a ftransfer start cache address,
the cache address corresponding to the sector
next to that the number of which is read by
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said reading means (27) being adapted to
serve as start cache operation designation
data; and

data transfer means (27, 21, 34) for read-
ing out the cache operation designation data
from said cache operation designation data
storage means (45) in an order starting from
the start cache operation designation data, and
for performing data transfer operation on the
basis of the readout data.

A controller according to claim 1 or 2, char-
acterized in that the data representing the data
fransfer direction and the necessity or lack of
necessity of data transfer to said host system
presents five modes, consisting of:
i) a mode used for read hit, in which the
contents of said cache memory (33) are
transferred 1o said host system and said
magnetic disk unit is not accessed;
iiy a mode for read miss, in which said
magnetic disk unit is read-accessed, the
read data is transferred to said host system
and, at the same time, is written in said
cache memory;
iii) @ mode for read miss, in which data of a
disk area not accessed by said host system
must be read so that the read data from
said magnetic disk unit is written in said
cache memory but is not transferred to said
host system;
iv) a mode for write hit, in which the write
data from said host system is transferred to
said magnetic disk unit and, at the same
time, is written in said cache memory; and
v} a mode for write miss, in which the data
from said host system is not written in said
cache memory but in said magnetic disk
unit.
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